Background and objectives The objective of this study was to evaluate the association between neighborhood socioeconomic status and barriers to peritoneal dialysis eligibility and choice.
Introduction
Peritoneal dialysis (PD) is more cost effective than conventional in-center hemodialysis (HD). However, it remains underused in many regions (1) (2) (3) (4) (5) . To receive PD, patients must be considered eligible, be offered the modality, and choose the modality. Previous studies suggest that lower socioeconomic status (SES) is associated with lower PD use, but it is unclear whether it affects PD eligibility, choice, or both (4, 6, 7) . Specific barriers that may be more common with lower SES include limited space in the residence, difficulty with transportation to clinic visits, less available support (family or other), and reduced knowledge and/or health literacy (8) (9) (10) (11) (12) .
In lower SES areas, patients may also have less access to predialysis care and dialysis modality education (13) . We examined the relationship of SES to PD use and barriers to PD in regional renal programs, where all incident dialysis patients were offered modality education and underwent PD assessments and their PD eligibility and modality choice were recorded prospectively. This mixed methods study used both quantitative and qualitative data to analyze the effects of SES on barriers to PD.
The objectives of this study were to (1) determine whether SES influenced PD eligibility or choice and (2) identify reasons for PD noneligibility and barriers to PD choice and examine associations with SES.
Materials and Methods
This study is a retrospective analysis of a prospective clinical database named the Dialysis Measurement Analysis and Reporting (DMAR) system, in which a mixed methods parallel design was used (14) . This study received approval from the Sunnybrook Health Sciences Research Ethics Board (Toronto, Canada). It was also deemed exempt by the Institutional Review Board at Metro Health Medical Center (Cleveland, OH). Because this study was a database analysis, informed consent from each patient in the study was not required by the institutional review boards.
Study Population
Incident chronic dialysis patients ages 18 years or older at one of five regional renal programs in Ontario, Canada, registered in DMAR from January 1, 2004 to December 31, 2010 were included. Enrollment was staggered at the sites between 2004 and 2009. All consecutive incident ESRD patients from these programs were targeted for modality education and prospective interdisciplinary assessments for PD. Patients were excluded if they were 18 years old at dialysis initiation, they recovered renal function (were not receiving chronic dialysis and still alive after 60 days), eligibility could not be assessed for PD (because of early death, transfer out, or refusal to participate), or they had no Ontario health insurance number or postal code.
Data Sources
Patients in DMAR were linked to provincial administrative health data at the Institute for Clinical Evaluative Sciences (ICES), Toronto, Canada. Patient data came from DMAR, the Canadian Organ Replacement Register, and the Ontario Registered Persons Database using validated administrative data algorithms for identifying patients with hypertension and chronic obstructive pulmonary disease (COPD). Area data came from Statistics Canada. Patients and their health care data were linked using encrypted versions of each patient's provincial health insurance number. The area and patient data were linked using the postal code and dissemination area (DA; comprised of 400-700 persons) as described below. All analyses were performed at ICES.
Exposure Variables
The two primary exposure variables were (1) DA median annual household income reported in Canadian dollars and (2) percentage of DA residents with at least a high school education or greater.
The geographic unit chosen for the area-level measures was the Statistics Canada DA. A DA is a small, relatively stable geographic unit composed of one or more adjacent dissemination blocks felt to fairly accurately predict patient characteristics. DAs are the smallest standard geographic area for which Canadian census data are disseminated. Residents were assigned to their corresponding DA using crosswalk tables linking postal codes from Canada Post to Statistics Canada DAs.
Outcomes
The quantitative outcomes were PD eligibility and choice rates. PD eligibility was determined at each site by a multidisciplinary team that consisted of a nephrologist, predialysis nurse, PD nurse, and social worker who met every 2 weeks. They determined PD eligibility of all patients in their programs, and if this determination was not done before dialysis, they reviewed eligibility during these meetings until review of all patients was complete. Each site reviewed medical and social contraindications to PD followed by obstacles to self-care and social support. Completion of these data on web-based forms was reviewed by experts at the coordinating center (R.R.Q. and M.J.O.). It was ensured that all patients eligible for both PD and HD were offered modality education and choice. This education ensured a standardized process of care (12) . PD choice was defined as PD catheter insertion 6 months before or after dialysis initiation. The eligibility cohort included all patients who had a documented assessment for PD and HD eligibility. The PD choice cohort included only patients who were deemed eligible candidates for both PD and HD.
Statistical Analyses
Baseline characteristics were compared across income and education quartiles using the Kruskal-Wallis test for continuous variables and the chi-squared test for categorical variables. PD eligibility and choice were coded as binary variables and examined in unadjusted and adjusted logistic regression models estimated using generalized estimating equations to account for clustering of patients by DA. In addition to income and education, these models were adjusted for age, sex, race, smoking status, presence of coronary artery disease, congestive heart failure, cerebrovascular disease, peripheral vascular disease, diabetes, COPD, and hypertension, presence of predialysis nephrologist care for at least 4 months, presence of family or other support, estimated GFR, hemoglobin, dialysis program, home care available for help with PD, and percentage of DA residents (1) with employment income, (2) who are minorities, and (3) who work in professional or managerial positions. These variables were the available variables thought to be most likely to influence PD eligibility and choice a priori, and therefore, a variable selection process for the models was not used. For the regression models, income was analyzed as a continuous variable and expressed in units of $10,000 Canadian per annum. We estimated the effect for $10,000 rather than $1, because the latter would be too small to be meaningful. PD eligibility and choice were also examined by rural versus nonrural residence as supplementary analyses.
Restricted cubic splines with three knots were used to model the relationship between the continuous variables denoting area-level income and education and the log odds of PD eligibility or choice (15) . We compared the models using cubic smoothing splines with models that assumed a linear relationship between the continuous area-level SES variables and the outcome variables; we found no statistical evidence of nonlinearity. We, therefore, report results from the regression models that assumed linear relationships in this study.
Qualitative Analyses
The qualitatively derived outcomes were the reasons for PD noneligibility and barriers to PD choice that were analyzed using mixed methods techniques. Reasons for PD noneligibility were coded by the site multidisciplinary teams on standardized web-based forms. Barriers to PD choice were the patients' reported reasons for not choosing PD (referred to as barriers to PD choice). Patients' responses for not choosing PD were entered in free text format but not grouped or categorized. To summarize these data, the data coders (S.P., A.T.P., and M.E.L.) categorized the centerreported reasons for PD noneligibility and patient-reported barriers to PD choice into themes using the thematic constant comparative approach. This approach is an iterative process, in which new data are compared with previously collected data, and theories are formed, enhanced, confirmed, or discounted based on new data emerging from the study. Coding is the process used to compare the data and themes identified. Researchers (S.P., A.T.P., and M.E.L.) identified themes to construct a coding dictionary. Disagreements were resolved in a series of meetings (16, 17) . Cohen's k was used to estimate the consistency of two researchers independently coding a subset of 50 barriers to PD eligibility and choice; k above 0.80 is considered outstanding agreement (18) . After classification of barriers to PD eligibility and choice was complete, the prevalence was compared across income and education categories using chi-squared trend or Fisher exact tests.
Results

Study Population
There were 1460 patients in DMAR. A total of 146 patients was excluded after excluding patients ,18 years old, patients with preemptive and failed renal transplants, and patients who were not residents of Ontario; 1314 patients were in the cohort of patients assessed for both PD and HD eligibility, 65% of these patients (n=857) were deemed eligible for both PD and HD and constituted the choice cohort, and 46% of patients eligible for both PD and HD chose PD.
Baseline Characteristics
Baseline characteristics by income quartiles are presented in Table 1 . Lower SES areas were associated with higher percentages of women, diabetes, and COPD, more ethnic diversity, and fewer patients in professional or managerial positions compared with higher SES areas. Baseline characteristics by education quartiles are included in Supplemental Table 1 , and trends are similar to the trends shown in Table 1 . Tests for colinearity of covariates were negative.
PD Eligibility
The percentage of PD-eligible patients varied from 52.2% to 75.4% across the five sites (SD=9.61). There was no The covariates listed are the significant covariates only. All models were also adjusted for race, congestive heart failure, coronary artery disease, chronic obstructive pulmonary disease, hypertension, smoking, estimated GFR, dialysis program, home care for peritoneal dialysis support, and percentage of dissemination area residents with employment income. Being a minority and being employed in a managerial position, however, were not significant covariates. PD, peritoneal dialysis; DA, dissemination area.
significant effect of either measure of SES-income or education-on PD eligibility. The unadjusted and adjusted odds ratios for the effect of a $10,000 increase in median household income on PD eligibility were 1.03 (95% confidence interval [95% CI], 0.99 to 1.08; P=0.13) and 1.05 (95% CI, 0.97 to 1.13; P=0.27), respectively. The unadjusted and adjusted odds ratios for both PD eligibility and PD choice with the significant covariates for each model are shown in Table 2 . Factors positively associated with PD eligibility were being Asian and having predialysis care, family support, and PD-specific home care support. Factors negatively associated with PD eligibility were peripheral vascular disease and diabetes mellitus. The effect on PD eligibility of a 1% increase in percentage of area (DA) residents having at least a high school education was not significant in either the unadjusted or adjusted model (Table 2). In terms of the nonrural patients, 65.7% (95% CI, 62.98% to 68.42%) versus 66.9% (95% CI, 59.24% to 74.56%) of the rural patients were eligible for PD (P=0.77).
Reasons for PD Noneligibility
The classification scheme, definitions, and frequency of reasons for PD noneligibility are shown in Table 3 . Interrater reliability was outstanding for PD noneligibility reasons (k=0.82; 95% CI, 0.67 to 0.92; P,0.001). Eight categories of reasons emerged from the coding process. The most commonly cited reason was having a medical diagnosis or condition for which PD was contraindicated (45.2% of those patients coded as ineligible for PD). Other reasons for PD noneligibility included environment issues (24.9%), past or current medical procedures like surgery (10.2%), other (7.8%), and functional limitations, cognitive or mental health issues, family or social support issues, and self-management reasons (all ,5% each). All reasons were compared across income and education quartiles. Neither income nor education was associated with significant differences in reasons for PD noneligibility (Supplemental Table 2 ).
PD Choice
There were no significant associations with either income or education on PD choice. The unadjusted and adjusted odds ratios for a $10,000 increase in income on choice of PD were 1.03 (95% CI, 0.98 to 1.08; P=0.21) and 1.00 (95% CI, 0.92 to 1.07; P=0.93), respectively ( Table 2 ). The factors positively associated with PD choice were being a woman, having predialysis care, spousal or family support, and/or higher hemoglobin, and having a higher percentage of DA residents with employment income. Factors negatively associated with PD choice were coronary artery disease. A 1% increase in percentage of DA residents having a high school education or greater was not significantly Cognitive/mental disorder Difficulty processing information, lack of cognitive skills needed to learn or maintain PD regimen, and mental or neurologic disorder that would prevent acquisition of PD knowledge or skills, such as unmanaged anxiety disorder, aphasia, dementia, and learning disability ,5%
Family/social support A specific family member, caregiver role, or other social support issue is listed as causing ineligibility; either the patient needs to care for a family member or does not have enough help to do PD and there is no paid caregiver ,5%
Self-management reason Reasons that prevent self-care and doing one's own PD, such as history of noncompliance and poor hygiene that the patient will not or cannot correct ,5%
associated with PD choice in either unadjusted or adjusted models ( Table 4 shows the classification and definitions of themes of barriers to PD with accompanying frequencies; 16 categories of barriers to PD choice emerged from the coding process. Inter-rater reliability was substantial for the barriers to PD choice (k=0.79; 95% CI, 0.65 to 0.91; P,0.001). The most commonly cited barrier was a general preference for in-center HD (15.4% of the eligible patients). Other barriers to choosing PD included not ready to decide (12.8%), self-efficacy or task difficulty (12.6%), reason PD was not chosen was not specified (11.7%), social or family support issues (10.6%), medical reason (6.1%), built environment (5.8%), negative bias to PD (5.4%), unknown (5.4%), and being against having dialysis in one's home (5.2%). Other barriers that constituted less than 5% of the sample each were swimming or other activity, pets, schedule, work, body image issues with PD catheter insertion, and being overwhelmed. In this context, built environment refers to physical space issues at the residence, residence in a facility like a nursing home, where PD is not available, or patient self-reported residence is in close proximity to an in-center hemodialysis unit. Two barriers to choosing PD differed significantly across income and education quartiles. In the lower-versus higher-income patients, built environment at 4.6% (95% CI, 1.8 to 7.4) versus 2.7% (95% CI, 0.6 to 4.8; P=0.02) and family and social support issues at 8.3% (95% CI, 4.6 to 12.0) versus 3.5% (95% CI, 1.1 to 6.0; P=0.03) were cited more frequently. In patients with less compared with more education, family and social support issues at 11% (95% CI, 6.7 to 15.1) versus 3.2% (95% CI, 0.9 to 5.6; P,0.001) were cited more frequently. There was a trend for patients with more education to more frequently have schedule barriers to PD (P=0.05). All of the derived barriers to PD choice are shown by income and education quartiles in Supplemental Table 3 .
Barriers to PD Choice
Discussion
In a system where all consecutive incident ESRD patients had access to dialysis modality education, income and education were not significantly associated with either PD eligibility or choice. Two thirds of study patients were eligible for PD, and approximately one half of eligible patients chose PD. Specific barriers to PD choice, such as built environment and family and social support, were more common in patients with lower income and education. Classification systems of themes of reasons for PD noneligibility and barriers to PD choice were derived that can potentially serve as a basis for future studies.
The distribution of reasons for PD noneligibility and barriers to PD choice (no single category classified more than ;10% of the sample) suggests that reasons for dialysis modality decisions are diverse and highly personalized based on individual circumstances and preferences. A recent systematic review found that 14 studies used qualitative methods to understand dialysis modality preferences (19) . Prior qualitative research examined reasons for not choosing any form of dialysis (20) , perceived positives and negatives of dialysis modalities (21) , patient involvement and dialysis decision-making interventions (22) , and overall knowledge of dialysis options (23) . A Dutch study found that the most commonly cited barriers to PD choice were social reasons and expected incapability of patients to perform PD independently (10) . Health care providers should be aware of the complex sets of factors that patients consider in making dialysis modality decisions.
Morton et al. (19) identified four themes among reasons for a modality choice across 14 prior studies. Our study extends this list and identifies 16 distinct themes among the reasons for not choosing PD (Table 4 ). Interventions to increase PD choice and use may need to address and be tailored to multiple barriers to be successful. Home assistance for PD was found to significantly increase PD eligibility (24) , and this finding may be because it addresses multiple barriers including physical barriers, social isolation, transportation problems, and lack of family support. Peer support resulted in an increased completion of renal transplant process steps by ESRD patients, and this idea may be applicable to dialysis modality decision making (25) . Potential solutions to small residential spaces in lower SES areas might include working with dialysis companies to uniformly offer smaller, more frequent deliveries.
Our finding that the majority of patients was eligible for PD is similar to the finding observed by Mendelssohn et al. (26) However, our finding that patients of lower SES were not less likely to receive PD differs from past studies (6) . SES has been associated with reduced access to predialysis care (13) . The DMAR system required that dialysis programs identify and assess patients for PD and complete modality education, even after dialysis initiation. This process ensured that patients were offered informed modality choice, regardless of SES. The findings of this study may not be generalizable to centers where such processes are less uniform. Similar studies in different regions or countries may find different barriers to PD eligibility and choice than the barriers that we observed in Ontario, Canada. Examining the effects of implementing a system, where programs commit to using a process similar to the above system, may be useful in determining factors that influence PD eligibility and choice in the United States.
A strength of this study is that we were able to analyze complementary information from both quantitative and qualitative data to provide a deeper understanding of PD eligibility and choice in a population from multiple centers. Reliability of raters was excellent for the classification of derived themes for barriers to PD eligibility and choice.
This study has several limitations. This study was an observational study, and causation cannot be implied. Insertion of a PD catheter was used as a surrogate for PD choice, and although objective, it does not capture expressed modality choice before dialysis commencement. Patients may not always initiate dialysis with the modality choice that they chose in predialysis care (27) . We did not have patient-level income and education data, and therefore, we used patients' residence DA income and education as a proxy. We felt that this information would be (28, 29) . Despite these limitations, the inclusion of PD eligibility and choice in this database allowed for a more detailed assessment of barriers to PD than previously possible. The database design was not primarily qualitative, and therefore, some barriers to PD choice and eligibility were cited infrequently, limiting the conclusiveness of the analyses. Validity measures for the explanatory variables in the model were not available. DMAR was not designed to assess primarily for home HD eligibility. An approach such as in-depth interviewing may be better suited to analyzing barriers to PD eligibility and choice; however, this study allowed for a preliminary look at what themes of barriers might emerge.
Future studies could examine effects of peer support for making timely modality decisions. Evaluating cost effectiveness of provision of home support for PD in the United States would be useful. This study provides an example of how mixed methodology can be used to obtain more indepth information than available from one type of data. These methods may be applicable to other research questions in nephrology. The findings of this study could be used in dialysis modality education sessions to address issues of importance to individual patients; therefore, with knowledge of how certain perceived barriers to PD can be overcome, dialysis modality decisions can be made more timely and more easily. Interventions that incorporate tailored solutions to the most commonly cited barriers to PD might increase patient receptiveness to PD.
